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Abstrinct

We present aninjector destgn for high-power ew proton
linaes with particular emphiasis onintense neutron-spallation
sortees, Long term operational reliability and availability
dominale over specific beaan parameters tor these
accelerators, We discuss technical requirements for the ion
source and low-energy beam ransport line and compare
different options. A prototype design for a 75-kV, 110-mA
cw proton injector is presented,

I INTRODUCTION

Ihe development of radio-trequency quadrupole (REQ)
acceleritors has provided an effective match between de ion
source injectors and radio-frequency, drift-tube accelerators
which greatly enhances the practicality of building high-
current ew proton linacs tor intense neutron spallation sources
(1. These REQ aceelerators reduce the required injection
energy to o luuit set by beam perveance riather than by linac
beam dynamics an can support long-term, cw operation.
Accelerator-based conversion (ABCY of weapons-grade fissile
malerils, accelerator transmutation of nuclea wiste (ATW),
and aceelerator produoction ot trittum (AP are possible
appliciations ol this technology, Aiter discussing the design
considenations tor these injectors, we present a preliimary
design lon these applications,

. INJECTOR SPECIFICATIONS

The cw ngectons for nentron-spallation: sources muost
provide stable proton beams with high aviolability, The total
number of protons on tarpet will be an important measme ol
operation. These mjectors will have (o provide > 10 mA cw
proton beams at encrgies up o 100 keVowith a 95% beam
fraction notealized cntiinee of 10 e mrad ot the REQ)
match pomt

A desipen for an aecelerator 1o produce it as bemyp
developed at the Tos ALvmos Nanonad Taboratory (LANT ).
This accelertor oexspectad to be en line for 7800 how s/ yean
with i overall anvamlabihity of 8%% . Injecton availability must
excecd 98 durmy the schedoled on time, Periodic jon
souree nunntensiee ey be done no tore often than onee
week dunmy wosmyple soheduled 8 howe maintenancee el
The angecton L cate (proonanly hiprh voltage Galis) must e
Tzrted o less i one per hou. Means muost e provided m
the myecton tore sstabhshe the besmeom the Toge gquickly wath
sl perinrhaton sind beame spill The low-enerpy Ixsun
tansport (LT DY hioe mest provade proper nitchimy and
centtond control at the REO enianee Notintereeptive i
digrnesaes e necded o enaare proper tamme and on hine
montonms ol the mpector beans

T 1ON SOURCT

Fh chotee of wn sonree tor these cwe gophcations will
be made oncthe e e ol proven perlonmance foe long term
avinbibilny aned operationad stabihiey s well as cunent andd
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eflficiencies e uselul crieria tor ow source selection. We
detine the won source eas efficiency, 1, as
n = 608 i“o (A)/(.‘)"_‘(.\L‘('lll) ()

where the proton current is expressed in Ariperes (A) and the
hydrogen flow is piven in standiard cubic centimeters per
miinute (scam). The power efficiency, G 1s given by

C = (mAmA)P (kW) A

where jyp is the proton curment density at extraction and P is
the dischige power. Other important operating parameters ot
interest for a cw ion source are the proton current, proton
traction, beam emittance, and source lifetime,

Tuble I summarizes the demonstrated characteristics ol a
few candidate sources, These are the multicusp source with
tilament drive [2], the multicusp source with 2.0 M1z of drive
[31. the monocusp ion source (4], and the 2.45 Glz clectron-
cyclotron resonance (FECR) ion source [ 5], Emitter radii are
given immediately below the source description in the first
column, and the extraction voltage is given in the second
colump,  The total beam current (proton current in
parentheses) is given an the thivd column, A high proton
traction (the ratio of the proton current © the Wl current) is
desirable to Limit beam perveance and o climinate mass
anafysis prior 1o REQ injection. Note that the monocusp
souree tesalts are for deuterimn, The discharge power s
prescuted inthe tourth column, while the power efticiency, £,
1s shown an the it column, The duty factor (00 employed
tor the dati is shown i the sixth column while the pas
ctlicieney, i, s an the se centh column,. Finally, the measured
nommalized emittance it die 95% beam fraction level is shown
in the st column, - A Gaussian beam-emittance model has
been nsed o obtun the 95% beam frachon emitanee values,

Table 1
Comparrson ol Candhidate Ton Somees for CW T inaes
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the FOR on somee developed at the Chalk Raves
Faborsory eoa promeany candidate for ths applcation bised
on proven ow petlommanee and haph pas and power
clhownore Jol A chematie dageam of s FFOR sonvee 1
hovwoan b b The boeac FCR peomeny e beenmmodihied
to optmnse the production ol protons by clunmatugy the asal
conthmenent veomets The 0 GHz nocrosw v e freguenes
toutboenthy o thae the regquared ool nienete teld of 89



Gauss does not dominate the beium emittance after extraction.
Current densitics up 1o S00 mA/em? at 90% proton fraction
have been obtained. This sonree has been used tor several
yaurs with the REQL project at Chalk River and his demon
steated sutlicient lifetime and stability at 2 90 mA total current
leve! to support extended operation of their ew REIFQ 17].
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Fig. 1,
Source.

Schenuitic Digiram of the Chalk River 1CR Ton

Anather promising ion source for this application s the
tt-diiven, multicusj, volume source [3,8]. A 2.0 MIlz version
of this source has been tested and has demonstited 85%
proton fraction tor Tow daty tactor beams [3] 0 The pas
cllicieney ol the somree s eapected o nerease for ew (L
dby operation. Tests e necded o extend the operation of this
source 1o tull ew operation,

O miteal preference tor the TCR o sotree over the ol
driven volime songee s bised Laryely on the improved powel
ctiicicney. The FOR source operiates with - 1 kW of
25 Gz mircrowine power, while the volume sonree may
requite =0 KW of 0 MH7 of power to prodoee sinibin beam
cuntents densitics  Addionalb westing of several cimdidate ion
somees ander expected ow opecaitimg conditions is reguired
betore i fimad Choice can e e,

Anmjection encrgy ol 75 keVohis been selected based
on previous expenence with tie Foaston Matenals Tiediaton
Test (EMTDY yector (9 We have desiy ned anoon extoicton
svatem o praduce the tequired THO mA ol protons assaonng &
proton faaction of 855 and T and o fowctons o 7459
cich e deseentnt ol extiacted cnnent of 160 mA
Fhe extracted conent densaty o chosen o be Ay inA/em ', so
the cnnher cdoe, s O eme The equivalent election
pesveance of thes beanm e O 9 p® The extieton desapn wee
done vy the SNOW cade (107 The clection trap .
proven desayro veed meothe FMEL et Caloonlaons hone
been newle varvine the mpected cartent fros the 1on sonne,
thes yreometny hoeea i conttanee at the desapn conens
ol W0y Addinonal desgens for Tower proton frccbone,
Bave sl been descdop

LOW-ENERGY BEAM TRANSPORT SYSTEM

The LERT system transports and matches the beams
extracted from the 1on source to the REQ accelerator. The
desipn beam predicted by the SNOW simulation has ao
civelope ridius of 0.43 cmoand an envelope divergence ol
46 miad, while the input beam required by the REQ has an
envelope radius of 021 emoand an envelope convergence ol
41 mrad.

There are two basic approaches that can be used tor the
beam-transport system depending on whether electric o
magnetic optics are cmployed. Electrostatic-tansport sysiems
have been used to transport 100-mA, 100-keV H- beams and
could be used in this apphication for proton beams [11). This
opton is less sensitive 1o beam noise and beam instabilities
but is limited by space-charge eftects for high- perveance
heims.,

Magnetic-transport lines, on the other hand, penerally
entail space-charge neutralized beams. A twae - solenoid,
muagnetic-lens system (12} preserves the cylindrical beam
symmetry and is extremely versatile in beam matching to the
REQ. This transport system requires that the beam be space-
charpe neutralized 10 295%. Figure 2 shows a Layout of the
preferred two-solenoid lens, direct-injection LT, Beam
dynamics simulations with 85% proton traction show that
<O0.5mA of H,* and Hq' contaminint ions enter the R1Q for
this design. These currents are much less than the expected
proton losses in the RFQ and should not pose an operating
problem,

ANTTINT

|'|;‘,. 2

Iivout of the High Cunent Proton fngecion

I iaddinon o the focusing lenses, stectmy elemenes ae
tneeded o correct for minor alipnment creers Steciiny
alyonthmys ave been developed o provade independent
conttol of both centrond positton and angle i both ansverse
plimes using two steenny pans, This contiol is needed 1o
provide optanim line anto the REQ T

A fast lacher napnet provides iomaeins 1o i ol e
proton bheam walnn several microseconds it i faalt shoul |
oceut anywhere ain the aceelertor o target systems There s
proviston (o mserta vinsable s e the nudpomt ot the 11
to it the beam carrent o the aceelerator and o tacbitee
bowm o on - We pln to cmploy an aceelettor desiprn m
Winch the e vorekaoe clvansenstive to beam canrent o thin
the acccbertor will be bronghe ap o full poser by camping ap
dlow caveent, ow beame s miode ol tin one entans less
tansient loadimy of RE svaems and permits contimuoes
Aadpustiment ot beam tuoe dunmy camp np

Non sterceptin e, beany dapnostic elements e me haded
mothe mpedtor o Lwchtate beam iy and w0 dogonose
uperating problenr. Optical protile monors provade
cantinenrc on luwe beane probde montoonye Tomopraphn
technpgues can beoeed o deduce the beam conttanee |14



Proper setting of the {on-source parameters can be achieved
by tming tor optimum heam profiles. The tune of the
focusing and steering elements can also be monitored i hine
hy these protile monitors with a positional accuracy of
tO2 mm. Optimal monitoring locations are at the LERT
mudpoist and at the REQ entrance. A de transductor will
provide continnous monitoring ol the LEIT beam current.
An inserable bearn damp is provided for limited orf-periods
when itis undesirable to trm oft the ion sonree. Water-cooled
collimators and apertures will be used thronghont the transport

line to intercept any errant beam. “The 1, and 1 molecalar

ion beams in large part will be intercepted on the collimators
at the entrance of the REQ and on the fixed collimator at the
LERNT midpoint,

This desipgn was done for a nominal courrent density of
235 mA/em?  Designs have also been carried out for other
current densities wnging from 200 mA/cm? o 500 mAfem?.
The two-solenoid-lens LEBT has sulficient flexibility to
match any of these beams o the REFQ. Figure 3 shows the -6
tming diagram for the 23S-mA/cm” design. “This diagram
shows luci of match-point parameters at the REQ eatrance thit
can be abtained for a given excitation of the first solenoid as
the strength of the secomnd solenoid is varied. The use of two
solenoids provides an adequite wning range in o B space (o
accommaodate tuning variations in the proton beams,  In these
simulations, the input beam is assumed (o be fully neutralized.
The emittanee parameters were obtiained by scaling the
23S-mA/cm results from SNOW 10 the maxsmum smittanee
allowed by the RIQ and then requiting the beam envelope
size and diverpence (o be unchanped. These calculitions were
done tor i total emitimee of oF - Cwhich corresponds (o 98%
beam taction for a Cawsstan beam Similav tining dingeams
were lound tor beams with 95%  neatralization (7 mA
cHective current) and for YEA% current variations from the
nominal 130 mA extracted beun,
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Fivon stindies yndicate that beam centrond posihemng
coaors should be des than GO o and 1O mad e the 1214)
match pornt . Optical abernatons e lamted by conservafine
solenond fencdes e with the heam fdhimg less than hall the
et hore e v of adeguate pressote i the tanepont
e ¢« 100 pong of acaetable backvround yaed ensanes tha
e nenteabyanon hionds non fmeanr poe e claryee andneed
cimtbatie e o o the TF NV

1V, SUMMARY

A baste inpector design tor high cunient, ow, proton
lnies 1s presented.. With the advent o1 REQ aceelerators,  the
required injectors can be designed tor much lower jection
ciergies with most of the ion-source, ancillary systems it
ground potential,  An ECR jon source operating with o
standdard high-voltage column feeding o magnetic transport
line using solenoid lenses appears (0 be a switable design,
Particulin atention must be paid to long-tenm, operational
stbility and reliability, FFurther wsting of this injector system
is needed (o prove that the required long-term operation Cin
be achieved,
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